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(§) Uttrahlgh-motecular-weight polyethylene composition. 

© A ultrahigh-molecular-weight ethylene polymer or 
copolymer resin composition composed of (A) a ultrahigh- 
molecular-weight ethylene polymer or copolymer resin and 
(B) an organic solvent capable of dissolving the resin (A); 
characterized in that 

11) tha resin composition is in the homogeneous state, 

(2) the resin composition comprises 

(A) more than 10% by weight to 75% by weight, based on 
the total weight of (A) and (B), of said resin having an 
intrinsic viscosity fa) of at least 5 dl/g, and 

(B) less than 90% by weight to 25% by weight, based on 
tha total weight of (A) and (B), of the solvent, and 
(31 the resin composition has a malt flow rate, MFR. of 

1,000 to 0,001 g/10 mtn., a single DSC endothermic peak, and 
a DSC malting point, Tm fC) within a range specified by the 
following formulae (1) and (2) 



Tm-Tmo - a(1 - x) ... 



(2) 



wherein Tmo is the DSC melting point (°C) of the resin (A), 
and x is the weight fraction of the resin (A) based on the total 
weight of <A) and (B), process for producing the composition 
and a crystalline solid therefrom. 
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DESCRIPTION 

ULTRAHIGH— l^LECULAR—VflE IGHT POLYETHYLENE COMPOSITION 

This invention relates to a ultrahigh-molecular- 
weight ethylene polymer or copolymer resin composition 
composed of (A) an ethylene polymer or copolymer resin 
having a ultrahigh molecular weight and (B) an organic 
5 solvent capable of dissolving the resin (A) , which is not 
described in the known literature, has excellent mold- 
ability, and shows a homogeneous state in spite of the 
relatively high content of the ultrahigh-molecular-weight 
ethylene polymer or copolymer; a crystalline solid of a 

10 ultrahigh-molecular-weight ethylene polymer or copolymer 
resin which can be obtained by removing the solvent from 
the aforesaid resin composition; and to processes for 
preparing the aforesaid composition or crystalline solid. 

More specifically, this invention relates to a 

15 ultrahigh-molecular-weight ethylene polymer or copolymer 
resin composition composed of (A) a ultrahigh-molecular- 
weight ethylene polymer or copolymer resin and (B) an 
organic solvent capable of dissolving the resin (A); 
characterized in that 

20 the resin .composition is in the homogeneous 

state, the'.resin composition comprises 

(A) more than 10% by weight to 75% by weight, 
based on the total weight of (A) and (B) , of a 
ultrahigh-molecular-weight ethylene polymer or 

25 copolymer resin having an intrinsic viscosity 

[nlr determined at 135°C in decalin, of at 
least 5 dl/g, and 

(B) less than 90% by weight to 25% by weight, 
based on the total weight of (A) and (B) , of an 

30 organic solvent capable of dissolving the resin 

(A) , and 

the resin composition has a melt flow rate, MFR, 
determined by ASTM D1238 at 160°C under a load of 20 kg. 
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of 1,000 to 0.001 g/10 min., a single DSC endothermic peak, 
and a DSC melting point, Tm (°C) , determined by ASTM 
D3418, within a range specified by the following formulae 
(1) and (2) 

Tro=Tmo - a(l - x) (l) 

25^45 . ( 2 ) 

wherein Tmo is the DSC melting point (°C) determined by 
ASTM D3418 of the resin (A), and x is the weight fraction 
of the resin (A) based on the total weight of (A) and (B) . 

The invention also pertains to a crystalline 
solid of a ultrahigh-molecular-weight polymer or copolymer 
resin which can be obtained by removing the solvent from 
the aforesaid resin composition, said crystalline solid 
being composed of an ethylene polymer or copolymer resin 
having an intrinsic viscosity [nj, determined at 135°C in 
decalin, of. at least 5 dl/g and having a lamellar micro- 
crystalline structure with a thickness, determined by a 
small-angle X-ray scattering method, of 120 to 250 A* and 

a crystallinity, determined by an X-ray diffraction method, 
of at least 60%. 

The invention also relates to processes for 
preparing the. , above composition and crystalline solid. 

Like conventional, widely used ethylene polymer 
or copolymer resins, the ultrahigh-molecular-weight polymer 
or copolymer resins are polymeric materials having 
methylene units as the sole or main recurring units. Since 
they have much higher average molecular weights than the 
conventional ethylene polymer or copolymer resins, they 
encounter molding troubles which are very much different 
from those which the conventional ethylene resins experi- 
ence. 

The ultrahigh-molecular-weight ethylene polymer 
or copolymer resins (to be sometimes referred to generically 
as ultrahigh-molecular-weight polyethylene) have excellent 
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impact strength, abrasion resistance and chemical resis- 
tance because of their very high average molecular weight, 
and are finding increasing use as engineering plastics. It 
has recently been found that the ulrarhigh-molecular-weight 
5 polyethylene can exhibit outstanding dynamical properties 
when molecular ly oriented to a high degree. It is expected 
therefore to be useful for making new materials having high 

performance. 

Its extremely high average molecular weight, 

10 however, leads to the difficulty that it cannot virtually 
be molded into articles by conventional techniques used for 
conventional polyethylene resins because despite its being 
a thermoplastic polymer, it has an extremely high melt 
viscosity and an extremely low solubility in solvent. 
15 Accordingly, the utilization of the ultrahigh-molecular- 
weight polyethylene is greatly restricted, and this has 
been a new technical problem to be solved. 

The ultrahigh-molecular-weight polyethylene can 
be produced, for example, by the polymerization of ethylene 
20 or ethylene and an alpha-olef in having at least 3 carbon 
atoms in the presence of a highly active Ziegler-type 
catalyst, and generally obtained as semicrystalline white 
particles having a particle diameter of about 100 microns. 
When it is heated, it loses crystallinity and becomes 
25 semi-transparent at a specific temperature (melting point, 
usually about 135°C) as is the case with ordinary thermo- 
plastic polymers, but scarcely shows flowability. The 
melt-molding method based on screw extrusion which is 
applicable commonly to thermoplastic polymers cannot be 
30 applied in practice to the ultrahigh-molecular-weight 

polyethylene. FOr this reason, the molding of the ultra- 
high-molecular-weight polyethylene has been carried out 
exclusively by a powder molding method which is dis- 
advantageous in regard to equipment and operationally 
35 inefficient. Furthermore, the application of means of 
imparting molecular orientation to molded articles by 
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utilizing the flowability of the melt as in the production 
of films of general thermoplastic resins is very unreal- 
istic in the case of the ultrahigh-molecular-weight poly- 
ethylene. 

A method of molding the ultrahigh-molecular- 
weight polyethylene comprising using its solution has 
recently attracted attention although this is not a 
technigue Intended to overcome the molding difficulty of 
the ultrahigh-molecular-weight polyethylene. The new 
materials of high performance mentioned hereinabove are 
expected to be obtained by using this method. 

When the molecular structure of polyethylene is 
considered, it takes a planar zigzag structure of succes- 
sive methylene units in the crystals, and the cross- 
sectional area occupied by the main chain is relatively 
small. It had long been predicted from this fact that 
polyethylene would have a theoretical modulus of 300 gpa or 
more. However, it was experimentally verified only in the 
late 1970s when A. J. Penning s et al. of Netherlands de- 
vised a method of taking out a continuous filament from a 
dilute solution of ultrahigh-molecular-weight polyethylene 
in a rotating double cylinder and found that the resulting 
filament had excellent mechanical properties (a modulus on 
the order of 100 gpa) based on its highly oriented struc- 
ture. Pennings et al. ascribed the formation of such an 
oriented structure to the consecutive crystallization of 
the polyethylene filament on the surface of the rotating 
cylinder. 

British Patent No. 1,554,124 granted to 
Stamicarbon B. V. with A. J. Pennings et al. named as 
inventors proposed a process for the preparation of a 
filamentous polymer crystal from a solution of a crystal- 
lizable polymer, by growing a seed crystal longitudinally 
in a flowing solution of the polymer and removing the 
growing polymer filament from the solution of the polymer 
at an average rate which is equal to the growth rate, this 
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process being characterized in that the longitudinal growth 
takes place in contact with a surface which is moving in 
the direction of growth of the crystal, the length of the 
contact between the filamentous crystal and the said sur- 
5 face being at least 15 cm, measured from the tip at which 
growth takes place. The British Patent states that a 0.5% 
solution is well suitable and for practical reasons, the 

use of unduly high concentrations will be avoided. For 

» 

example, in Example 1 of the British Patent, a 0.5% p- 
10 xylene solution of polyethylene having an intrinsic vis- 
cosity In], determined at 135°C in decalin, of 15 dl/g is 
used, and in Example 2, a 1% p- xylene solution of the above 
polyethylene is used. 

Smith et al. pointed out that a gel of poly- 
15 ethylene obtained by rapidly cooling a dilute solution of 
ultrahigh-molecular-weight polyethylene in cold water below 
room temperature can be super-stretched at a temperature 
of , for example, about 80°C to the melting point of the . 
polyethylene, the stretched product can exhibit similar 
20 mechanical properties, and the density of entanglement 
among the molecules of the gel-like polyethylene is low 
(note: the super-stretching is defined as deformation at a 
stretch ratio of at least 16 in one direction by Prof. Ian 
M. Ward of University of Leeds, England) [Paul Smith, Piet 
25 J. Lemstra: Journal of Materials Science, 505-514, 15 
(1980); Paul Smith, Piet J. Lemstra: Journal of Polymer 
Science, Polymer Physics Edition, 19, 1007-1009 (1981)]. 
Smith et al. examined polymer concentrations of up to 2% by 
weight, and showed that as the polymer solution was more 
30 dilute, better results were obtained in regard to the 

stretchability of the gel [Paul Smith, Piet J. Lemstra and 
Henk C. Booij: Journal of Polymer Science, Physics Edition, 
19, 877-888 (1981)] • In Japanese Laid-Open Patent 
Publication No. 15408/1981 (corresponding to GB 2051667A) , 
35 Smith et al. proposed "filaments having high modulus and 
tensile strength from high-roolecular-weight polyethylene 



BNSDOCID: <EP 01352S3A1J_> 



- 6 . 0135253 

and a process for production thereof". In this proposal, 
high-molecular-weight polyethylene is dissolved in a sol- 
vent at 145°C, and a range of 1 to 50% by weight is 
claimed as the polymer concentration of the resulting 
polyethylene solution. The patent document fails to give 
any specific description of the method of dissolution. The 
maximum concentration of polymers within the category of 
ultrahigh-molecular-weight polyethylene, which is given in 
this patent document, is only 8% by weight in Example 8 in 
which the weight average molecular weight is 600,000. 

The moldability of a gel-like solid of ultra- 
high-molecular-weight polyethylene was later investigated 
from the viewpoint of industrial technology in addition to 
the academic study. Such later works have been directed to 
concentrations of as low as less than several percent for 
gel formation, and none have basically outweighed the 
achievements of Smith et al. 

A method of molding a polymeric material in the 
presence of a solvent is by no means a new one, and has 
been favorably employed since the infant stage of polymer 
science, namely since before 1930 when the subject of study 
was mainly regenerated cellulose. It is common knowledge 
that the polymer concentration of the solution is an im- 
portant factor in relation to the moldability of the 
polymer and the efficiency of production in this method. 

With regard to ultrahigh-molecular-weight poly- 
ethylene, however, solutions having a relatively low con- 
centration of less than several percent or regenerated 
solids obtained therefrom have been the sole subject of 
study (see, for example, British Laid-open Patent 
Applications Nos. 2,051,667A and 2,042,414A) . The reason 
for this is that because of its superhigh molecular weight, 
the ultrahigh-molecular-weight polyethylene is difficultly 
soluble and no reliable and practical method of preparing a 
high concentration solution has been available, and natu- 
rally, the properties of such a high concentration solution 
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or a solid derived from it have been totally unknown. In 
fact, when a solvent is added to a relatively large amount 
of a powdery polyethylene of superhigh molecular weight in 
a customary manner, only fish eyes form owing to the sol- 
5 vation of only the surfaces of the particles and only a 
heterogeneous composition is obtained. A homogeneous 
composition of high concentrations composed of ultrahigh- 
molecular-weight polyethylene and a solvent cannot be 
obtained by this ordinary method* 
10 Some attempts have in fact been made to obtain a 

solution of ultrahigh-molecular-weight polyethylene in 
relatively high concentrations, but have been unsuccessful 
in practice in obtaining a high concentration solution of 
ultrahigh-molecular-weight polyethylene retaining its own 
15 properties. For example, a method of concentrating a 

dilute solution of ultrahigh-molecular-weight polyethylene 
was found to be impracticable because it involves complex 
operations and a risk of denaturation of the polymer in the 
concentration step. A method comprising applying ultra- 
20 sonic irradiation during the heating of the starting 

polymer and a solvent cannot give a solution of the polymer 
retaining its superhigh molecular weight because the action 
of ultrasonic waves inevitably results in cleavage of the 
molecular chains, that is, in a reduction in the molecular 
25 weight of the polymer. 

Some of the co-inventors of the present invention 
proposed the preparation of a molding dope containing 
ultrahigh-molecular-weight polyethylene in a relatively 
high concentration (Japanese Laid-Open Patent Publication 
30 No. 78238/1984 laid-open on May 7, 1984 which was after the 
fist priority date, June 16, 1983, of the present appli- 
cation) . This prior application proposed a process for 
preparing a molding dope for high-molecular-weight poly- 
ethylene by using high-molecular-weight polyethylene having 
35 a weight average molecular weight of at least 8 x 10 as 
a material and an organic solvent capable of dissolving 
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polyethylene at high temperatures, which comprises first 
subjecting polyethylene to a wetting treatment with a 
sufficient amount of the solvent to wet polyethylene at a 
temperature at which the solvent does not swell the poly- 
ethylene, and thereafter stirring the wet polyethylene 
while pouring the solvent heated at 150 to 160°C, or 
adding the wet polyethylene with stirring to the solvent 
heated to the aforesaid temperature, thereby dissolving the 
polyethylene uniformly. 

This patent document states that the proper 
concentration of polyethylene having a weight average 
molecular weight of at least 8 x 10 5 (corresponding to an 
intrinsic viscosity of about 7.2 dl/g determined at 135°c 
in decalin) is up to about 20% by weight, and with poly- 
ethylene having a weight average molecular weight of 3 x 
10 (corresponding to an intrinsic viscosity, determined 
at 135 C in decalin, of about 19 dl/g) , about 10% by 
weight is the limit of its concentration. In all of the 
working examples of this patent document, ultrahigh-mole- 
cular-weight polyethylene having a weight average molecular 
weight of 1.9 x 10 6 (corresponding to an intrinsic vis- 
cosity, determined at 135°C in decalin, of about 13.5 
dl/g) is used, and room temperature is employed as the 
wetting treatment temperature at which the solvent does not 
swell the polyethylene. The highest dope concentration in 
all of the working examples is 10% by weight. 

Thus, this prior application refers to polymer 
concentrations of up to about 20% by weight, but specifi- 
cally discloses only the formation of a ultrahigh-mole- 
cular-weight polyethylene composition having a concen- 
tration of 10% by weight at the highest. Furthermore, it 
describes only room temperature as the temperature at which 
the solvent does not swell the polyethylene. It is dif- 
ficult in practice to obtain a ultrahigh-molecular-weight 
polyethylene composition in the homogeneous state having 
a concentration of more than 10% by weight by wetting 
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treatment at room temperature which is specifically dis- 
closed there , and the patent document does not specifically 
show the formation of such a high concentration composi- 
tion. 

5 The present inventors made investigations in 

order to provide a ultrahigh-molecular-weight polyethylene 
composition being in the homogeneous state and having a 
higher concentration. 

These investigations have led to the discovery 

10 that a ultrahigh-molecular-weight polyethylene composition 
which is not described in the known literature, has excel- 
lent moldability, and exhibits a homogeneous state despite 
its relatively high content of the polyethylene can be 
obtained by a process characterized by a combination of 

15 parameters, that is, the swelling treatment of a mixture of 
ultrahigh-molecular-weight polyethylene and an organic 
solvent capable of dissolving the polyethylene at a tempe- 
rature ranging from the lowest swelling temperature to be 
described to less than the DSC melting point of the poly- 

20 ethylene, and the heat-treatment of the resulting swollen 
mixture at a temperature above the DSC melting point of the 
mixture. 

Thus, the present inventors 1 investigations have 
shown that a novel composition which has excellent mold- 

25 ability and exhibits a homogeneous state despite its in- 
cluding the ultrahigh-molecular-weight polyethylene in a 
relatively high concentration can be obtained by a process 
which comprises 

(1) subjecting a mixture of (A) more than 10% by 

30 weight, preferably more than 20% by weight, to 75% by 
weight, based on the total weight of (A) and (B) , of a 
ultrahigh-molecular-weight ethylene polymer or copolymer 
resin having an intrinsic viscosity In], determined at 
135°C in decalin, of at least 5 dl/g and (B) less than 

35 90% by weight, preferably less than 80% by weight, to 25% 
by weight, based on the total weight of (A) and (B) , of an 
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organic solvent capable of dissolving the resin (A) to a 
swelling treatment at a temperature ranging from its lowest 
swelling temperature (°C) to less than the DSC melting 
point (°C), determined by ASTM D3418, of the resin (A) 9 
5 and 

(2) heat-treating the swollen mixture at a tem- 
perature equal to # or higher than r the DSC melting point, 
determined by ASTM D3418, of the mixture. 

It has also been found that a similar novel 
10 composition can be obained by the following improved pro- 
cess which is not specifically disclosed in the above-cited 
prior application, the improved process comprising 

(IV) subjecting a mixture of (A) a ultrahigh- 
molecular-weight ethylene polymer or copolymer resin having 
15 an intrinsic viscosity [n], determined at 135°C in decalin, 
of at least 5 dl/g to a wetting treatment with (B) an 
organic solvent capable of dissolving the resin (A) , the 
amount of the organic solvent being sufficient to form a 
slurry of the resin (A), preferably at least equal to the 
weight of the resin (A) , at a temperature of about 70°C 
to less than the lowest swelling temperature (°C) of the 
mixture , and 

(2 1 ) hot-mixing the resulting mixture with a 
fresh supply of the organic solvent (B) at a temperature of 
25 at least 130°C, thereby to give a mixture composed of 
more than 10% by weight, preferably more than 20% by 
weight, to 75% by weight, based on the total weight of (A) 
".-and -(B), of the resin (A) and less than 90% by weight, 

preferably less than 20% by weight, to 25% by weight, based 
on the total weight of (A) and (B) , of the solvent (B) . 

It has also been found as a result of the present 
inventors' investigations that among ultrahigh-roolecular- 
weight polyethylene compositions which can be obtained by 
the process comprising steps (1) and (2) or the process 
35 comprising steps (1») and (2'), the following novel com- 
position not described in the known literature usually 



20 



30 



BNSDOCID: <EP 0135253A1 I > 



\ 





_ U - 0135253 

shows a semi-solid state or solid state at room temperature 

and e^cdllent moldability . 

A ultrahigh-molecular-weight ethylene polymer or 
copolymer resin composition composed of (A) more than 10% 
5 by weight, preferably more than 20% by weight, to 75% by 
weight, based on the total weight of (A) and (B) , of a 
ultrahigh-molecular-weight ethylene polymer or copolymer 
resin having an intrinsic viscosity [nl# determined at 
135°C in decalin, of at least 5 dl/g, and (B) less than 
10 90% by weight, preferably less than 80% by weight, to 25% 
by weight, based on the total weight of (A) and (B) , of an 
organic solvent capable of dissolving the resin (A) ; 
characterized in that 

(i) the composition is in the homogeneous state, 
15 (ii) the composition has a melt flow rate, MPR, 

determined by ASTH D1238 at 160°C under a load of 20 kg, 
of 1,000 to 0.001 g/10 min. , 

(iii) the resin composition shows a single DSC 
endothermic peak as determined by ASTM D3418, and 
20 (iv) the resin composition shows a DSC melting 

point Tm (°C), determined by ASTM D3418, within a range 
specified by the following formulae (1) and (2) 

Tm=Tmo - a(l - x) ••••• (D 
25*a£45 (2) 

25 wherein Tmo is the DSC melting point (°C) determined by 
ASTM D3417 of the resin (A), and x is the weight fraction 
of the resin (A) based on the total weight of (A) and (B) • 

It has also been found in accordance with this 
invention that by subjecting the above composition to a 
30 treatment of removing the solvent, the following crystal- 
line solid not described in the known literature can be 
obtained, and that the crystalline solid shows excellent 
stretchability. 

A crystalline solid of a ultrahigh-molecular- 
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weight ethylene polymer or copolymer resin composed of an 
ethylene polymer or copolymer resin having an intrinsic 
viscosity [nj, determined at 135°C in decalin, of at 
least 5 dl/g and having a lamellar microcrystalline struc- 
ture with a thickness, determined by a small-angle X-ray 
scattering method, of 120 to 250 S and a crystallinity, 
determined by an X-ray diffraction method, of at least 60%. 

It is an object of this invention to provide the 
aforesaid novel composition and crystalline solid of ultra- 
high-molecular-weight ethylene polymer or copolymer resin. 

Another object of this invention is to provide 
processes for the production of the aforesaid novel com- 
position and crystalline solid. 

The above and other objects and advantages of 
this invention will become more apparent from the following 
description. 

The ultrahigh-molecular-weight polyethylene (A) 
as used in the composition of this invention denotes high- 
molecular-weight polyethylene having an intrinsic viscosity 
20 [„], determined at 135°C in decalin, of at least 5 dl/g, 
preferably at least 7 dl/g, for example 7 to 30 dl/g. 
Polyethylene having an intrinsic viscosity of less than 5 
dl/g is easy to dissolve. But when an article molded from 
the resulting composition, such as a filmanet, is stre- 
tched, it is difficult to obtain a stretched article having 
excellent tensile strength. Furthermore, the resulting 
composition has a high melt flow rate and poor moldability. 
There is no particular upper limit to the intrinsic vis- 
cosity of polyethylene. But when it exceeds 30 dl/g, the 
30 amount of the ultrahigh-molecular-weight polyethylene (A) 
should be extremely decreased in order to obtain a com- 
position having excellent moldability with an MPR of at 
least 0.001 g/io min., and there is little practical 
advantage. 
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In the present invention, the ultrahigh- 
molecular-weight polyethylene (A) denotes not only a 
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homopolymer of ethylene but also copolymers of a major 
proportion of ethylene and a minor proportion of an alpha- 
olefin having 3 to 18 carbon atoms f such as propylene , 
1-butene, 4-methyl-l-pentene, and 1-hexene. Such ultra- 
5 high-molecular-weight polyethylenes have especially high 
molecular weights among ethylene polymer or copolymer 
resins obtained by polymerizing ethylene or ethylene with 
alpha-olef ins in the presence of so-called Ziegler cata- 
lysts. Methods for their production are known per se, and 
10 such polyethyulenes are also commercially available. 

The organic solvent (B) capable of dissolving the 
resin (A) is preferably a solvent having a boiling point 
equal to r or higher than, the melting point of the resin 
(A) 9 preferably at least 20°C higher than the melting 

15 point of the resnin (A) . 

Examples of the organic solvent (B) include 
aliphatic hydrocarbons such as n-nonane f n-decane# n- 
undecane, n-dodecane, n-tetradecane, n-octadecane r liquid 
paraffins and kerosene? aromatic hydrocarbons or their 

20 hydrogenated derivatives, such as xylene, naphthalene, 
tetralin, butylbenzene, p-cymene, cyclohexylbenzene, 
diethylbenzene, pentylbenzene, dodecylbenzene, bicyclo- 
hexyldecalin, methylnaphthalene and ethylnaphthalene; 
halogenated hydrocarbons such as 1,1,2,2-tetrachloroethane, 

25 pentachloroethane, hexachlo roe thane, 1,2,3-trichloro- 
propane, dichlorobenzene, 1,2,4-trichlorobenzene and 
bromobenzene; and mineral oils such as paraffinic process 
oils, naphthenic process oils and aromatic process oils. 

In the ultrahigh-molecular-weight polyethylene 

30 composition of this invention, the amount of the ultra- 
high-molecular-weight polyethylene (A) is more than 10% by 
weight, and the amount of the organic solvent (B) is less 
than 90% by weight to 25% by weight, both based on the 
total weight of (A) and (B) . Preferably, the composition 

35 is composed of more than 20% by weght to 75% by weight of 
(A) and less than 80% by weight to 25% by weight of (B) . 
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More preferably , it is composed of more than 20% by weight 
to 60% by weight of (A) and less than 80% by weight to 40% 
by weight of (B) . 

If the amount of the ultrahigh-moolecular-weight 
5 polyethylene (A) is not more than 10% by weight, the amount 
of the solvent (B) increases, and the process is of low 
industrial value. On the other hand, if it exceeds 75% by 
weight, a composition having an MFR of at least 0.001 g/10 
min. cannot be substantially obtained, and the resulting 
10 composition has poor moldability . 

The ultrahigh-molecular-weight polyethylene 
composition of this invention has the following characte- 
ristics (i) to (iv) . 

(i) It is in the homogeneous state. 
15 (ii) It has an MFR of 1,000 to 0.001 g/10 min., 

preferably 300 to 0.001 g/10 min., more preferably 100 to 
0.001 g/10 min. Compositions having an MFR exceeding 1000 
g/10 min. and below 0.001 g/10 min. have poor moldability. 

(iii) It shows a single DSC endothermic pleak. 
20 (iv) It shows a^DSC melting point Tm (°C) [the 

temperature at which the single DSC endothermic peak in 
(iii) appears] within a range specified by the following 
formulae (1) and (2), preferably formulae (1) and (2-1). 

Tra=Tmo - a(l - x) (1) 

25 25*a£45 (2) 

30<a^40 (2-1) 

The fact that the ultrahigh-molecular-weight 
polyethylene composition of this invention has a single DSC 
endothermic peak and a Tm within the range specified by 
30 formulae (1) and (2) represents the homogeneity of the 
composition of the invention. Compositions having a 
plurality of DSC endothermic peaks and a Tm outside the 
range defined by formulae (1) and (2) are heterogeneous, 
and when such compositions are extruded into a filament or 
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film form, uniform extrudates are difficult to obtain. 
Furthermore, the stretchability of the extrudates is poor. 

The ultrahigh-raolecular-weight polyethylene 
composition of this invention has homogeneity on a mole- 
5 cular level , and the method of its preparation is not 

particularly restricted so long as the composition has the 
aforesaid characteristics (i) to (iv) . 

Since, however, no process for actually preparing 
such a composition has been disclosed in the past, some 
10 embodiments of preparation methods discovered by the pre- 
sent innventors will be described below. 

According to one embodiment , it can be prepared 
by a process which comprises 

(1) subjecting a mixture of (A) more than 10% by 
15 weight, preferably more than 20% by weight, to 75% by 

weight, based on the total weight of (A) and (B) , of a 
ultrahigh-molecular-weight ethylene polymer or copolymer 
resin having an intrinsic viscosity [n J , determined at 
135°C in decalin, of at least 5 dl/g and (B) less than 

20 90% by weight, preferably less than 80% by weight, to 25% 
by weight, based on the total weight of (A) and (B) , of an 
organic solvent capable of dissolving the resin (A) to a 
swelling treatment at a temperature ranging from its lowest 
swelling temperature (°C) to less than the DSC melting 

25 point (°C) , determined by ASTM D3418, of the resin (A), and 

(2) heat-treating the swollen mixture at a tem- 
perature equal to, or higher than, the DSC melting point, 
determined by ASTH D3418, of the mixture. 

According to another embodiment, it can be pro- 
30 duced by a process which comprises 

(I 1 ) subjecting a mixture of (A) a ultrahigh- 
molecular-weight ethylene polymer or copolymer resin having 
an intrinsic viscosity In], determined at 135°C in decalin, 
of at least 5 dl/g to a wetting treatment with (B) an 
35 organic solvent capable of dissolving the resin (A) , the 
amount of the organic solvent being sufficient to form a 
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slurry of the resin (A), preferably at least equal to the 
weight of the resin (A) , at a temperature of about 70°C 
to less than the lowest swelling temperature (°C) of the 
mixture, and 

5 (2') hot-mixing the resulting mixture with a 

fresh supply of the organic solvent (B) at a temperature of 
at least 130 C, thereby to give a mixture composed of 
more than 10% by weight, preferably more than 20% by 
weight, to 75% by weight, based on the total weight of (A) 

10 and (B), of the resin (A) and less than 90% by weight, 

preferably less than 20% by weight, to 25% by weight, based 
on the total weight of (A) and (B) , of the solvent (B) . 

In the first embodiment, the mixture composed of 
the ultrahigh-molecular-weight polyethylene (A) and the 

15 organic solvent (B) is subjected to a swelling treatment at 
a temperature ranging from the lowest swelling temperature 
CO of the mixture to less than the DSC melting point 
< 0 0 of (A) . 

The lowest swelling temperature (°C) , as used 
herein, denotes the temperature measured and determined by 
the following procedure. 

Six samples Nos. 1 to 6 were prepared by mixing 
10 g of the ultrahigh-molecular-weight polyethylene (A) and 
100 ml of the organic solvent (B) . These samples were each 
25 subjected to a swelling treatment with stirring for 15 
minutes at a temperature of 80°C (for No. 1) , 90°C (for 
No. 2), 100°C (for No. 3), 110°C (for No. 4), 120°C 
(for No. 5), and 130°C (for No. 6). Each of the samples 
was then allowed to cool to room temperature, and then 
30 subjected to solid-liquid separation by decantation. The 
weight (W gr) of the solid was measured. Based on the 
weights of the solids obtained from these samples, the 
percent content of the solvent of each of the solids was 
calculated in accordance with the following equation. 



20 



35 



S(%)=|(W - 10)/W] x 100 
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Then, ae shown in Figure 1, the relation between 
S (%) and the treatment temperature (°C) was plotted in a 
graph, and the temperature corresponding to an S of 70 was 
read, and defined as the lowest swelling temperature. 
5 After the mixture is subjected to the above 

swelling treatment, the resulting swollen mixture is heat- 
treated at a temperature above the DSC melting point, 
determined by ASTH D3418, of the swollen mixture. There is 
no upper limit to the heat-treatment temperature unless the 
10 decomposition of the ultrahigh-molecular-weight poly- 
ethylene (A) occurs. For example, the upper limit is 
usually the boiling point of the sovlent or about 280°C. 

The termination of the swelling of the ultrahigh- 
molecular-weight polyethylene (A) can usually be judged by 
15 visual observation since the form of the mixture of the 
polyethylene (A) and the solvent (B) greatly varies once 
the powder or particles of the polyethylene (A) have been 
swollen. The variation of the form showing the termination 
of swelling slightly differs depending upon the concen- 
20 tration of the polymer in the solvent (B) . For example r 
when the concentration is about 5 to 20% by weight, the 
entire mixture changes to a porridge-like state and 
abruptly increases in viscosity. When the concentration 
exceeds 20% by weight, almost all of the solvent is in- 
25 eluded in the powder or particles of the ultrahigh-mole- 
cular-weight polyethylene (A) and the mixture changes to 
the form of scrambled egg. The time required until the 
termination of swelling slightly differs depending upon the 
type of the solvent (B) . For example, the desired swelling 
30 can be carried out at a temperature ranging from the lowest 
swelling temperature to less than the DSC melting point of 
the ultrahigh-molecular-weight polyethylene for a period of 
at least about 5 minutes, preferably for at least about 10 
minutes. In practice, a uniform solution can be formed by 
35 controlling the temperature of the mixture of the ultra- 
high-molecular-weight polyethylene (A) and the solvent (B) 
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without periodically observing the state of the mixture. 
It is not always necessary therefore to build a mixing tank 
or the like from glass or provide a viewing window on it, 
and various mixing tanks made of such materials as metal 
5 and ceramics can be used* 

After the swelling treatment of the ultrahigh- 
molecular-weight polyethylene (A) is over, the swollen 
mixture is heat-treated at a temperature above the DSC 
melting point (determined by ASTM D3418) of the swollen 

10 mixture* For example, stirring the mixture under heat can 
give a uniform solution* The heat-treatment temperature 
after the swelling treatment is the melting point of the 
ultrahigh-molecular-weight polyethylene (A) or higher* 
However, since the swelling of the polyethylene with the 

15 solvent (B) results in a fall in melting point, it is 

sufficient in practice to heat the mixture to a temperature 
equal to, or higher than, the DSC melting point of the 
mixture of the ultrahigh-molecular-weight polyethylene and 
the solvent* 

20 If the swelling treatment is omitted or the 

mixture of (A) and (B) is heated to a temperature above 
the melting point of the polyethylene <A) before the poly- 
ethylene (A) is swollen sufficiently, an undissolved por- 
tion occurs in the mixture. Since the undissolved portion 

25 once formed does not disappear even when the mixture is 

stirred for a long period of time under heat, a homogeneous 
solution cannot be formed. 

The heat-treatment of the swollen mixture may be 
carried out immediately after the swollen treatment* This 

30 is not absolutely necessary, and once the ultrahigh-mole- 
cular-weight polyethylene is swollen with the solvent, the 
mixture may be solidified by cooling to room temperature 
without the heat- treatment. Heat-treatment of the solidi- 
fied mixture under the aforesaid conditions at some later 

35 time can give a uniform solution. It is not necessary 

therefore to perform the aforesaid swelling treatment again 
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during the heat- treatment , and the swollen mixture may 
directly be heat-treated at a temperature above the DSC 
melting point of the swollen mixture. 

The ultrahigh-molecular-weight polyethylene 
composition of this invention can also be produced by the 
second embodiment. 

In the second embodiment, the mixture of the 
ultrahigh-molecular-weight polyethylene (A) and the organic 
sovlent (B) is subjected to a wetting treatment at a tem- 
perature of about 70°C to less than the lowest swelling 
temperature of the mixture, for example at about 100°C. 
In the first embodiment, the mixture is subjected to a 
swelling treatment at a temperature equal to, or higher 
than, the lowest swelling temperature, whereas in the 
second embodiment, the mixture is subjected to a wetting 
treatment at a temperature below the lowest swelling 
temperature. Then, the wet mixture is hot-mixed with a 
fresh supply of the organic sovlent (B) at a temperature of 
at least 130°C. The hot-mixing treatment may be carried 
out, for example, by simultaneously adding the wet mixture 
of the ultrahigh-molecular-weight polyethylene and a hot 
solvent heated at 130°C or higher to a vessel preheated 
to about 130 to 150°C and capable of supplying heat, and 
stirring the mixture, or by adding the solvent in the form 
of a superheated vapor at 140°C or above. 

The ultrahigh-molecular-weight polyethylene (A) 
used in accordance with this invention may have incorpo- 
rated therein various additives normally used for poly- 
olefins, such as heat stabilizers, weatherability stabi- 
lizers, pigments, dyes, lubricants, gelling agents, and 
inorganic fillers. 

The melting points of the ultrahigh-molecular- 
weight polyethylene (A) and the composition in accordance 
with this invention are measured by a differential scanning 
calorimeter (DSC) in accordance with ASTM D-3418. 

The ultrahigh-molecular-weight polyethylene 
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compositions of this invention do not have an extremely low 
temperature during melting as do ultrahigh-molecular-weight 
polyethylene compositions obtained by conventional methods 
nor an extremely high melt viscosity as a melt of the 
5 ultrahigh-molecular-weight polyethylene alone. Hence, it 
can be easily molded as is the case with a melt of general- 
purpose polyethylene by extrusion molding using a screw 
extruder, injection molding, blow molding, compression 
molding, etc* 

10 The ultrahigh-molecular-weight polyethylene 

composition obtained by the swelling treatment in accor- 
dance with the process of this invention has good storage 
stability and good moldability. Filaments, tapes or films 
having high elasticity and tenacity can be obtained by 

15 extruding it into the form of filaments, tapes or films and 
stretching the product. These products can be used not 
only in the conventional fields of stretched yarns, tapes 
or stretched films, but also as reinforcing materials. 

By subjecting the ultrahigh-molecular-weight 

20 polyethylene composition to a sovlent removing treatment, 
there can be provided a crystalline solid of a ultrahigh- 
molecular-weight ethylene polymer or copolymer resin com- 
posed of the ethylene polymer or copolymer resin with an 
intrinsic viscosity In], determined at 135°C in decalin, 

25 of at least 5 dl/g, and having a lamellar microcrystalline 
structure with a thickness, determined by a small-angle 
X-ray scattering method, of 120-250 8 and a crystallinity, 
determined by an X-ray diffraction method, of at least 60%. 

The thickness of the lamellar microcrystals in 

30 this invention is the long period measured by the small 
angle X-ray scattering method. 

Isolation of the crystalline solid from the 
ultrahigh-molecular-weight polyethylene composition of the 
invention can be effected in any desired mode. Since, 

35 however, the purpose of obtaining the crystalline solid is 
to provide a material for fibers, films and other shaped 
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articles, it is the usual practice to first mold the ult 
high-moleuclar-weight polyethylene composition into a 
desired shape and then crystallize and precipitate the 
shaped article. Conditions for crystallization and pre- 
5 cipitation scarcely affect the characteristics of the 
crystalline solid because as is the case with the 
crystallization of an ordinary polyethylene solution, the 
rate of crystallization after passage of a certain over- 
cooled condition is very high. Accordingly, in view of the 
10 working efficiency, the ultrahigh-molecular-weight poly- 
ethylene composition may be rapidly cooled. Removal of the 
solvent after molding can be carried out by various known 
methods such as solvent extraction and drying under reduced 
pressure. For some types of solvent, it can also be 
15 carried out by lyophilization. 

Specifically, the removal of the solvent can be 
effected, for example, by a method which comprises immers- 
ing the ultrahigh-molecular-weight polyethylene composition 
in a large amount of a low-boiling solvent at room tem- 
perature or at an elevated tempearture for 4 to 24 hours to 
substitute the low-boiling solvent for the solvent in the 
composition, and thereafter removing the low-boiling sol- 
vent under a reduced pressure of 200 mmHg or below. 
Examples of the low-boiling solvent are hydrocarbons such 
as pentane, hexane, heptane and benzene and chlorinated 
solvents such as chloroform and carbon tetrachloride. 

If the solvent in the composition is decalin, it 
can be removed by treating the composition under a reduced 
pressure of 10 mmHg or below for at least 24 hours in a 
30 vacuum dryer heated at 80 to 100°C. 

The crystalline solid isolated from the ultra- 
high-molecular-weight polyethylene composition of this 
invention, unlike a conventional ultrahigh-molecular-weight 
polyethylene melted and subsequently cooled, has a high 
35 crystalliaity and excellent stretchability. It can be 
converted under quenching conditions into a crystalline 
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solid having a spherulitic internal structure. 

The following examples illustrate the present 
invention more specifically. It should be understood that 
the invention is not limited to these examples. 
5 Example 1 

Determination of the low est swelling temperature 
Ten grams of a powder of ultrahigh-roolecular- 
weight polyethylene having an intrinsic viscosity L] of 
17 dl/g and a melting point of 134°C (Bizex HILLIOlJS> 240M, 
10 a product of Mitsui Petrochemical Industries Co., Ltd.) and 
100 ml of decalin (boiling point 190°C) were mixed, in 
accordance with the method described hereinabove, the 
relation between the solvent contents and the treating 
temperatures was plotted in a graph as shown in Figure 1. 
The temperature corresponding to a solvent content of 70% 
was found to be 105°C. This temperature was defined as 
the lowest swelling temperature of the ultrahigh-mole- 
cular-weight polyethylene/decalin system. 

Production of a solution of the ultrahigh- 
20 molecul ar-weiaht p ol yethylene 

Ten grams of the aforesaid ultrahigh-molecular- 
weight polyethylene and 100 ml of decalin were put in a 
glass beaker, and with stirring, the temperature of the 
mixture was raised to 110°C. At this temperature, the 
ultrahigh-molecular-weight polyethylene powder was swollen 
When the condition of the mixture was continuously ob- 
served, it changed to a porridge-like viscous suspension 
after the lapse of about 6 minutes at 110°C, and the 
swelling ended. Then, the mixture was heated to 160°C, 
and stirred, in about 5 minutes, a clear solution of the 
ultrahigh-molecular-weight polyethylene formed. 

Example 2 

In Example 1, the amount of the ultrahigh-mole- 
cular-weight polyethylene was changed to 100 g, and the 
35 mixture was stirred at 120°C in the same way as in 
Example 1. When a period of about 5 minutes passed. 
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decalin was impregnated in the ultrahigh-molecular-weight 
polyethylene and the mixture changed to a scrambled egg- 
like mixture, and the swelling was ended. The mixture was 
then heated to 160°C, and stirred. In about 3 minutes, a 
5 clear homogeneous solution of the ultrahigh-molecular- 
weight polyethylene was obtained. 

Comparative Example 1 
Ten grams of the same ultrahigh-molecular-weight 
polyethylene as used in Example 1 and 100 ml of decalin 
10 were put into a glass vessel. With stirring, the mixture 
was rapidly heated to 160°C, and stirred at this tempera- 
ture. Even after the lapse of 6 minutes from the reaching 
of the above temperature, a dilute solution having a lower 
concentration than a predetermined one and a molten mass of 
15 the polyethylene powder resulting from non-dissolution were 
seen to exist in the mixture. When the mixture was stirred 
further for 60 minutes, the molten mass of polyethylene was 
not dissolved, and the mixture did not become uniform. 

The mixture was cooled and MFR and Tm were meas- 
20 ured. MFR could not be measured because the separated 

decalin flowed out from the nozzle. Tm was 134 C (a main 
peak) and 100°C (subsidiary pedak) . 

Examples 3 and 4 
One hundred grams of the same ultrahigh-mole- 
25 cular-weight polyethylene as used in Example 1 and 200 ml 
of decalin were put in a glass vessel. With stirring, the 
temperature of the mixture was raised to 110°C, and at 
this temperature, the ultrahigh-molecular-weight poly- 
ethylene powder was swollen. When the condition of 
30 the mixture was observed continuously, it changed to a 
scrambled egg-like mixture after the lapse of about 
10 minutes at 110°C, and the swelling ended. Then, the 
mixture was cooled to room temperature, and about 5 mg of a 
sample was taken from it. The DSC melting point of the 
35 ultrahigh-molecular-weight polyethylene/decalin mixture was 
found to be 112°C. Then, the sample was divided into two 
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portions. One portion was rapidly heated to 160°C with 
stirring. In about 2 minutes after the above temperature 
was reached, this portion became a clear uniform solution. 
The other portion was rapidly heated to 135°C by the same 
5 method. Likewise, it changed to a clear uniform solution 
in about 10 minutes. 

Evaluation of moldabilitv 

The melt flow rates of the solutions obtained in 
Examples 1 to 3 were measured in accordance with ASTH D1238 
10 at a temperature of 160°C under a load of 20 kg in order 
to evaluate their flowability. The results were as 
follows: 

Example MFR (o/io min.) 

1 500 

2 0.05 

3 2 

In view of the fact that the ultrahigh-molecular- 
15 weight of polyethylene alone has an MFR of 1 x 10~ 5 g/10 
min., it is seen that the solutions obtained in Examples 1 
to 3 had good flowability. 

Example 5 

A ultrahigh-molecular-weight polyethylene solu- 
20 tion having a polymer concentration of 10% by weight was 
prepared by using the same polyethylene as used in Example 
1 in the same way as in Example 1. The solution was then 
spun by using a spinning die with a diameter of 1.6 mm at 
130°C. The wet filament was passed through a vessel of 
25 acetone kept at 20°C, and cooled and solidified. The 
apparently gel-like wet filament cooled to a diameter of 
1.8 mm was passed through a tubular oven heated at 120°C, 
and stretched at the ratios shown in Table 1 by a pair of 
godet rolls. The elasticity moduli and tenacities of the 
30 stretched filaments are shown in Table 1. 

It is seen from the results that streched fibers 
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having high elasticity and tenacity can be prepared from 
the composition of this invention. 



Table 1 



Properties of the 
stretched filaments 


Stretch ratio 


1:1 


10:1 


15:1 


Modulus of elasticity 
(GPa) 

Tenacity (GPa) 


0.14 


10.5 
1.03 


24.3 
2.65 



The moduli of elasticity and tenacities were 
measured at 23°C by an Instron universal tester (Model 
1123 supplied by Instron Company) • The length of a sample 
between clamps was adjusted to 100 mm r and the speed of 
pulling, to 100 mm/min. The elasticity of modulus was 
calculated by using a stress value at 2% strain* The 
cross-sectional area of the filament required for cal- 
culation was determined by using the weight and length of 

the filament and assuming the density of polyethylene to be 

3 

0.96 g/cm 

Example 6 

Production of a ultrahigh-molecular-weight poly- 
ethylene solution: - 

Twenty-five grams of the same ultrahigh-mole- 
cular-weight polyethylene as used in Example 1 and 90 g of 
decalin were put in a glass beaker. With stirring, the 
temperature of the mixture was raised to 110°C r and at 
this temperature, the ultrahigh-molecular-weight poly- 
ethylene was swollen. When the condition of the mixture 
was continuously observed, it changed to the form of scram- 
bled egg after the lapse of about 6 minutes at 110°C. 
Then, the mixture was heated to 160°C and stirred. In 
about 5 minutes, a clear solution of the ultrahigh-mole- 
cular-weight polyethylene was obtained. The solution was 
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cooled to room temperature . Samples were taken from it for 
measurement of MFR and Tm. It was found to be a uniform 
composition with a DSC melting point of 105°C (single 
peak) and an MFR of 85 g/10 min. 

Examples 7 to 9 
The procedure of Example 6 was repeated except 
that the amount of the ultrahigh-molecular-weight poly- 
ethylene was changed to 100 g, and the amount of decalin 
was changed to 90 g (Example 7) , 180 g (Example 8) and 45 g 
(Example 9) . The MFR and Tm values of the resulting com- 
positions are tabulated in Table 2. Tm values were ob- 
tained as single peaks. 



Table 2 



15 



20 



Example 


7 


8 


9 

■ 


Concentration (wt.%) 


53 


36 


69 


MFR (g/10 min.) 


0.05 


2 


0.002 


Tm 


118 


112 


123 



Example 10 

Each of the uniform compositions obtained in 
Examples 7 to 9 was press-formed at 160°C, and allowed to 
cool to room temperature. Decalin was removed at room 
temperature under reduced pressure to obtain a film-like 
crystalline solid. Its microstructure was examined as 
follows :- 

Observation of the surface of the crystalline 
solid under a scanning electron microscope showed that 
basically the crystal units are of a lamellar structure 
having a thickness on the order of 100 & same as that 
which forms by recrystallization of a usual polyethylene 
solution. As the concentration of the polyethylene in- 
creased, there was a tendency toward smaller sizes of the 
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lamellae and denser agglomeration of the lamellae* The 
characteristic of this lamellar structure was evidently 
different from the vague form of the surface of a sample 
obtained by direct melt-shaping from the starting powder 
without using a solvent. Tables 3 and 4 show the thickness 
(long period) of the lamella measured by the small-angle 
X-ray scattering method and the crystallinity measured by 
the X-ray diffraction method. 



Table 3 



10 



15 



20 



25 



Concentration (wt.%) 


i 


22 


36 


53 


69 


100 


Thickness of the lamella 

(5) 


105 


150 


180 


240 


250 


* 



* Not observed 



Table 4 



Concentration ( wt . % ) 


i 


22 


36 


53 


69 


100 


Crystallinity (%) 


74 


67 


65 


63 


62 


49 



Example 11 
, 5 x 50 mm, were cut out from the 
film-like crystalline solid obtained in Example 10, and the 
stretch ratio which caused the test pieces to break was 
measured under the following conditions. 

Chuck distance: 20 mm 
Stretching speed: 20 mra/min. 
Stretching temperature: 120°C (air bath) 
The resutls are shown in Table 5. It is seen 
from Table 5 that the test pieces had better stretchability 
than a test piece of the ultrahigh-molecular-weigvht poly- 
ethylene alone (concentration 100%) • . 
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Table 5 



Concentration (vt.%) 


22 


36 


53 


69 


100 


Stretch ratio (X) 


15 


11 


9 


6 


6 



Example 12 

Decalin (25 g) was added at 100°C to 25 g of 
the same ultrahigh-molecular-weight polyethylene as used in 
Example 1 to prepare a swollen product of the polyethylene. 
The swollen product and 65 g of decalin heated at 190°C 
(boiling point) were simultaneously added to an enamelled 
beaker preheated to 150°C f and the mixture was gently 
stirred to form a clear solution of the ultrahigh-mole- 
cular-weight polyethylene. The solution was cooled to 
room temperature. The final product obtained was found to 
have an MPR of 85 g/10 min. and a In of 105°C (single 
peak). 
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1. An ultrahigh-molecular-weight ethylene polymer or 
copolymer resin composition composed of (A) an ultrahigh- 
molecular-weight ethylene polymer or copolymer resin and (B) 
an organic solvent capable of dissolving the resin (A); 
characterized in that 

(1) the resin composition is in the homogeneous state, 

(2) the resin composition comprises 

(A) more than 10% by weight to 75% by weight, based 
on the total weight of (A) and (B) , of a ultrahigh- 
molecular-weight ethylene polymer or copolymer resin 
having an intrinsic viscosity [q], determined at 
135°C in decalin, of at least 51 dl/g, and 

(B) less than 90% by weight to 25% by weight, based 
on the total weight of (A) and (B) , of an organic 
solvent capable of dissolving the resin (A) , and 

(3) the resin composition has a melt flow rate, MFK, 
determined by ASTM D1238 at 160°C under a load of 20 kg, of 
1,000 to 0.001 g/10 roin., a single DSC endothermic peak, and 
a DSC melting point, Tm (°C) , determined by ASTM D3418, 
within a range specified by the following formulae (1) and 
(2) 

Tm=Tmo - a (1 - x) (1) 

25£a£45 (2) 

wherein Tmo is the DSC melting point (°C) determined by ASTM 

* ■ 

D3418 of the resin (A) , and x is the weight fraction of the 
resin (A) based on the total weight of (A) and (B) . 
2. A composition according to claim 1 wherein the resin (A) 
is a copolymer of a major amount of ethylene and a minor 
amount of an alpha-olefin having 3 to 18 carbon atoms. 
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3. A composition according to claim 1 or 2 wherein tha 
organic solvent (B) has a boiling point which is equal to, or 
higher than, the melting point of the resin (A). 

4. A composition according to claim 1, 2 or 3 wherein the 
amount of the resin (A) is more than 20% by weight to 60% by 
weight based on the total weight of (A) and (B) and the 
amount of the organic solvent (B) is less than 80% by weight 
to 40% by weight based on the total weight of (A) and (B) . 

5. A composition according to any one of the preceding 
claims wherein formula (2) is the following formula (2-1) 

30£a£40 (2-1) 

7. A process for producing an ultrahigh-molecular-weight 
ethylene polymer or copolymer composition as claimed in any 
one of the preceding claims which comprises 

(1) subjecting a mixture of more than 10% by weight to 
75% by weight of the resin (A) and less than 90% by weight to 
25% by weight of the organic solvent (B) « based on the total 
weight of (A) and (B) , to a swelling treatment at a 
temperature ranging from the lowest swelling temperature (°C) 
to less than the DSC melting point (°C) , determined by ASTM 
D3418, of the resin (A), and 

(2) heat-treating the swollen mixture at a temperature 
equal to, or higher than, the DSC melting point, determined 
by ASTM D3418, of the mixture. 

8. A process for producing an ultrahigh-molecular-weight 
ethylene polymer or copolymer composition as claimed in any 
one of claims 1 to 6 which comprises 

(1') subjecting the resin (A) to a wetting treatment 
with the organic solvent (B) , the amount of the organic 
solvent (B) being sufficient to form a slurry of the resin 
(A) , at a temperature of about 70°C to leas than the lowest 
swelling temperature (°C) of the mixture, and 

(2 1 ) hot-mixing the resulting slurry with a fresh 
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supply of the organic solvent (B) at a temperature of at 
least 130°C to provide a mixture containing more than 10% by 
weight to 75% by weight of the resin (A) and less than 90% by 
weight to 25% by weight of the organic solvent (B) , based on 
the total weight of (A) and (B) . 

9. A crystalline solid of an ultrahigh-molecular-weight 
ethylene polymer or copolymer composed of an ethylene polymer 
or copolymer resin having an intrinsic viscosity [nj , 
determined at 135°C in decalin, of at least 5 dl/g and having 
a lamellar microcrystalline structure with a thickness, 
determined by a small angle X-ray scattering method, of 12 to 
25 nm (120 to 250 A) and a crystallinity , determined by an 
X-ray diffraction method, of at least 60%. 

10. A process for preparing a crystalline solid as claimed 
in claim 9 which comprises removing the organic solvent (B) 
from a composition as claimed in any one of claims 1 to 6. 
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